Morphological, structural and developmental features of fruits and seeds of Vismia guianensis (Aubl.) Choisy. are here presented, with the purpose to elucidate their structure and to contribute to taxonomical and ecological studies of the family. The fruit is a berry and the "rind" is constituted by the exocarp and by the subepidermal layers which constitute the mesocarp. The reddish pulp, rich in starch, is constituted by the parenchymatic mesocarp, with branched secretory ducts and vascular bundles, joined with the endocarp, which arises from a ventral meristem. The bitegmic, anatropous ovules, provided by the endothelium, develop into anatropous, bitegmic and exalbuminous seeds. The reddish uniseriate testa shows phenolic contents. The tegmen becomes crushed resting only the uniseriate exotegmen with undulate, thick walled and lignified cells, which contain a number of calcium oxalate prismatic crystals. The embryo, rich in lipids, is straight and shows foliaceous cotyledons.
INTRODUCTION
Vismia guianensis (Clusiaceae -Hipericoideae) is a woody species, native of Tropical America that occurs in Colombia, Venezuela, Guyana and in Brazil in the states of Amazonas, Pará, Maranhão, Bahia and Minas Gerais (Reichardt, 1878; Ewan, 1962) . It stands out for supplying wood for civil construction, deluxe joinery and carpentry. A gomo-resinous, red-orange juice, resolutive and strongly purgative, also used in the treatment of skin diseases is obtained by incision of the stem bark (Pio Corrêa, 1926) . Engler & Keller (1925) and Melchior (1964) used fruits and seeds characters, besides the vegetative and floral features, in the delimitation of subfamilies and tribes of Clusiaceae. However, the shortage of detailed ontogenetic studies of fruits and seeds have generated doubts about the relationship and the position of the species in these subfamilies and tribes (Mourão, 1997) .
With the same family Clusiaceae, Dionello & Basta (1980) , Basta & Basta (1984) and Saddi (1988) studied the morphology and anatomy of seeds of Kielmeyera Mart. species (Kielmeyeroideae). The morphology, anatomy and ontogeny of Platonia insignis Mart. (Moronobeoideae) and Mammea americana L. (Calophylloideae) fruits and seeds were studied in details by Mourão & Beltrati (1995a, b) and Mourão (1997) , respectively. However, in Hypericoideae were not found studies of this nature so far.
In view of the exposed, and with the purpose to give continuity to the study of the fruits and seeds of Clusiaceae, in the present work, morphological and anatomical data of the development of the fruits and seeds of Vismia guianensis (Aubl.) Choisy are presented and discussed.
MATERIAL AND METHODS
The botanical material used in the present work consisted of floral buds, flowers and fruits in different stages of Vismia guianensis (Aubl.) Choisy (Figs. 1-3 ).
Studied material
Vismia guianensis (Aubl. Mourão 4, 26. I. 1996, fl., fr. (HUM 3450) .
The morphologic characters of the fruits and seeds were described and illustrated, starting from 50 units of fresh material, collected from five individuals. For the fruits and seeds measures (length and diameter) was used a pachymeter, and the fresh weight was obtained using a analytic scale. It was also determined the number of seeds per fruit. For each one of the obtained variables was calculated the arithmetic average and the deviationpattern. The nomenclature to describe the fruits and seeds patterns was based in Radford et al. (1974) . The fruit type description was based in Spjut (1994) .
Samples of material to morphological and anatomical studies were fixed in F.A.A. 50% (Johansen, 1940) . The conservation of that material was made in Ethanol 70% (Jensen, 1962) . The anatomical description was made starting from the analysis of semi-permanent and permanent slides made with transversal and longitudinal sections of the developing pericarp and seeds.
The slides, the specific tests and the illustrations were made in agreement with methodology described by Mourão & Beltrati (1995a) . It was also used in the preparation of permanent slides, vegetable material embedded in glycol methacrylate according to the technique described by Gerrits (1991) .
These slides were stained with Toluidine Blue O (O 'Brien et al., 1965) and mounted in Permount. The terminology adopted to define the pericarp layers is in agreement with Roth (1977) and the nomenclature used in the seeds description was that defined for Corner (1976) and modified by Schmid (1986) .
RESULTS

Fruit development
Vismia guianensis has a superior, pentacarpellary and pentalocular ovary. The ovules are arranged in axile placentation . The outer and inner epidermis is uniseriate, showed cubic cells covered by thin cuticle.
In the outer epidermis was also observed the presence of scattered stomata. The ovarian mesophyll is composed by fundamental parenchyma, with few intercellular spaces, where a number of branched secretory ducts occur (Fig. 14) . These ducts can also be observed in the septs (Figs. 6, 7).
In the ovary of floral bud is observed formatting ducts in the mesophyll and in the sept. Apparently, these ducts form schizogenously and develop schizolisigenously . In the young fruit (Fig. 8) , the structure of the ovary is basically maintained (Figs. 9, 10) and the cellular divisions occur in all directions, prevailing the periclinals in the subepidermal layers. In the exocarp, derived from the ovary outer epidermis, scattered lenticels occasionally appear, originated by the activity of a phellogen that produces suberised cells in out direction.
The mesocarp, which derives from the ovarian mesophyll, stays parenchymatic (Fig. 15) . The secretory ducts increase in diameter and become branched. The secreted substance is rich in phenolic content and lipids substances. In the endocarp, which derives from the inner epidermis that defines the locule and from the ovary subepidermal layers, an evident region of periclinals divisions can be observed, constituting a ventral meristem (Fig. 15 ). Most of the ovules will be developed in seeds (Figs. 9, 10, 12, 13) , and the immature fruit (Fig.  2, 3, 11 ) acquires red coloration. The pericarp structure is basically the same of the ovary and of the young fruit (Figs. 12, 13 ). However, in the endocarp, the complete differentiation of the parenchymatic tissue, that grows of desuniform way for among the seeds can be observed (Fig.  17) . Figs. 5-13 -Vismia guianensis -General aspect, medium longitudinal and transversal sections, respectively, of the fruit development. 5-7 -Flower in anthesis and ovary. 8-10 -Young fruit shortly after fertilization (0,6 cm x 0,6 cm). 11-13 -Immature fruit (0,9 cm x 0,9 cm). (ec -endocarp; eg -stigma; ex -exocarp; if -immature fruit; lo -locule; mp -mesocarp; oe -outer epidermis; om -ovarian mesophyll; ov -ovule; pt -petal; sd -secretory duct; se-seed; vb -vascular bundle; sp -sepal; yf -young fruit.)
The Vismia guianensis fruit is an oblong berry that, in the maturation, when still in plant (Fig.  3) , has green coloration, passing to a brown coloration after the maturation. It shows fleshy and mucilaginous pulp, with red coloration and sweetened scent.
Figs. 14-17 -Vismia guianensis -Detail of the the pericarp development in cross section. 14 -Ovary at the time of fertilization. 15 -Young fruit shortly after fertilization. 16 -Immature fruit (0.9 cm x 0.9 cm). 17 -Mature fruit (1.0 cm x 1.0 cm). (ec -endocarp; ex -exocarp; ie -inner epidermis; lo -locule; mp -mesocarp; oe -outer epidermis; om -ovarian mesophyll; ov -ovule; sd -secretory duct; se -seed; vm -ventral meristem.) ovarian mesophyll (Figs. 14-17) . The mesocarp and endocarp remaining arise the red, translucent pulp, which is rich in starch. In this phase, in the secreted material by the ducts, is not observed the presence of phenolic contents. However, lipids substances can still be observed.
Seed development
The ovules are anatropous, bitegmic and tenuinucelate (Figs. 22-26) . The outer integument is not very developed and shows two cells layers and the inner integument shows six to seven layers.
The outer epidermis of the outer integument shows large cells, approximately cubic, with phenolic contents. The innermost layer of the inner integument shows cells radially elongate, constituting the endothelium. The external, medium (among the two integuments) and the intern cuticle (between the internal integument and the nucellus) can be observed. The micropyle channel is formed by the endostome and by the exostome, being these apertures non coincident (zig-zag micropyle).
The embryo sac is longitudinally elongated; a provascular strand goes through the funicle, arriving until the chalaza. The seed structure in the young fruit is basically the same of the ovule. An increase in the size of the cells of the two integuments and the beginning of differentiation of a cells layer with sinuous anticlinals walls in the outer epidermis of the tegmen can be observed (Figs. 27, 28 ). In the immature seed is observed, besides a beginning of collapse of the tegmen cells, the increase in the undulation and in the thickening of the cells walls of the outer epidermis of this integument. It is observed, also in this phase, some endosperm layers, among the embryo already well developed and the tegmen constituted by large parenchymatic cells with thin walls (Figs. 29, 30) .
The mature seeds are red, ellipsoids in shape, elongated, and more or less angular (Fig. 4) . The hillun is rounded, the micropyle is obscure and a vascular bundle transverses the raphe, extending until the chalaza. The seed measures 2.38 ± 0.13 mm length per 0.68 ± 0.04 mm diameter.
The seed is anatropous and exalbumynous. The whitish-yellow embryo is straight and shows a longer and cylindrical hipocotyl-radicle axis, with two plano-convex cotyledons (Figs. 33-35 ). It's also rich in lipid material.
In the mature seed the outer epidermis of the testa consists of large, cubic cells, with brown content, due to the presence of the phenolic contents. The other layers of the testa become crushed. The outer epidermis of the tegmen is entirely constituted of sclereids which contains a number of prismatic crystals of calcium oxalate (Figs. 31, 32) . Its lignified anticlinals walls have sinuous aspect in superficial view. The other layers of the tegmen become crushed (Fig. 33) . Some endospermic layers can still be observed between the embryo and the tegmen, increasing in number in direction to the chalazal end.
DISCUSSION
The occurrence of secretory structures as ducts in the pericarp of Vismia guianensis was also described in another species of the Clusiaceae family (Corner, 1976; Mourão & Beltrati, 1995a; Mourão, 1997) .
In V. guianensis the exocarp derives from the ovary outer epidermis. This feature has also been described in Platonia insignis (Moronobeoideae) by Mourão & Beltrati (1995a) . In Mammea americana, however, the exocarp originates from the outer epidermis and from the first subepidermical layer of the ovarian mesophyll, that originates the periderm (Mourão, 1997) .
From the histogenetical point of view, Garcin apud Roth (1977) recognizes endocarp types which originate directly from the existing parenchyma and endocarp formations which develop from a special meristem. This special meristem may originate exclusively from the inner epidermis, from subepidermal layers only, or from a mixture of both. Roth (1977) designated this special meristem of ventral or adaxial meristem, which adds new cell layers to the pericap, can be located either in the inner epidermis or in subepidermal layers. This meristem has been received this denomination due to the entire carpel symmetry.
In the fruit development of V. guianensis as in Mammea americana (Mourão, 1997) , the growth and the fruit final form of V. guianensis are due to the cellular divisions that occur in all directions and, also, to the activity of a ventral meristem that arises the endocarp.
In a recent fruit classification purposed by Barroso et al. (1999) the fruit of Vismia species is included in the "bacóide -campomanesoideo" type. This fruit type according to these authors presents a fleshy pericarp and its central cavity is occupied by an uniform pulp tissue where the locules can still be distinguished, containing each usually few seeds. However, in the fruit of V. guianensis the activity of a ventral meristem arises a parenchymatic tissue that grows among the seeds and in this case, it would assemble more with those defined by the authors as "bacóide -bacídio" type, where the locules are not evident in the mature fruit.
The anatomical characteristics of the V. guianensis pericarp (Hypericoideae -Vismeae) resembles those described by Green (1884) for two species of Hypericum (Hypericoideae -Hypericeae).
The ovule structure of V. guianensis resembles that of Hypericum patulum and H. mysorense, described by Rao (1957) and those of all the species of Hypericaceae described by Corner (1976) .
The presence of the endothelium in the ovule of V. guianensis was also mentioned by Rao (1957) in Hypericum patulum and H. mysorense, by Corner (1976) in Clusia (Clusioideae -Clusieae) and by Mourão & Beltrati (1995a) in Platonia insignis.
In Hypericoideae, Crété (1936) , Rao (1957) and Corner (1976) mentioned the occurrence of epidermal cells in the testa with brown tannic content and lignified exotegmen. However, according to Rao (1957) , in H. patulum (Hypericeae) the endotesta would be the sclerotic layer. (eb -embryo; el -endothelium; ii -inner integument; oi -outer integument; pc -prismatic crystals; sf -sclereid layer in differentiation; sl -sclereid layer; sm -endosperm; tg -tegmen; ts -testa.)
In V. guianensis was observed that the exotegmen is lignified, unlike mentioned by Corner (1976) that studied a not identified species of Vismia. Corner (1976) affirmed that the characteristic layer of thick-walled stellate in the exotegmen of Hypericaceae, also occurs in the tribe Clusieae (Clusiaceae -Clusioideae), in Elatinaceae and Geraniaceae.
In the embryo classification purpose by Brandza (1908) and Guillaumin (1910) to Guttiferae and Hypericaceae species, the embryo of V. guia- nensis resembles those species of Hypericaceae and it is similar to the found in the tribe ClusieaeGuttiferae (embryo of the type I). According to Martin (1946) embryo classification, the embryo of V. guianensis occupies more than half of the seminal cavity. It is axial, spatulate and transverseoblong.
The occurrence of lipids substances in seeds of species of the family Clusiaceae is widely registered in the literature (Brandza, 1908; Earle & Jones, 1962; Vaughan, 1970; Basta & Basta, 1984; Bentes et al., 1986/87; Adeyeye, 1991; Mourão & Beltrati, 1995b) . In the present study it was verified that the main reservation substance that occurs in the embryo of V. guianensis is of lipids nature.
